The availability of the Tropheryma whipplei genome offers the putative possibility of choosing logical DNA targets. We applied a PCR assay (targeting repeated sequences of T. whipplei) to samples from patients with Whipple's disease and to those from members of a control group. When compared to the results seen with regular PCR, the sensitivity of repeat PCR was significantly enhanced (P ‫؍‬ 0.02) without alteration of its specificity.
An ideal PCR target should be both specific and sensitive. The analysis of bacterial genomes has revealed the occurrence of repeated sequences in various species (13) . For Coxiella burnetii, a PCR assay targeting a repetitive element existing in 19 copies in its genome has been demonstrated to be much more sensitive than assays targeting single-copy genes (22) . The recent sequencing of two Tropheryma whipplei genomes (3, 17) has revealed the presence of seven repeated sequences which have the same size (677 bp) in both genomes, with the percentage of nucleotide sequence similarity ranging from 99.4 to 100%. Our aim was to verify whether using primers targeting repeated sequences in the T. whipplei genome would enhance the sensitivity of DNA detection in comparison to that of regular-PCR assays without losing specificity.
We selected within the repeated sequences two primers, 53.3F (5Ј AGAGAGATGGGGTGCAGGAC 3Ј) and 53.3R (5Ј AGCCTTTGCCAGACAGACAC 3Ј), targeting a 164-bp fragment repeated seven times in the genomes of two different T. whipplei strains. These sequences were found within either open reading frames encoding proteins of unknown function or intergenic spacers. The high level of specificity of these primers was estimated a priori by using BLAST software to compare their sequences with all DNA sequences in GenBank. A total of 98 samples (detailed in Table 1 ) were obtained at the time of diagnosis or during follow-up of 24 patients with histologically proven Whipple's disease. All samples had previously been tested using our regular PCR, targeting the 16S-23S rRNA gene intergenic spacer and the rpoB gene (7). The control group included 48 duodenal biopsies and 36 saliva samples from 84 patients with diagnosis results that excluded the presence of Whipple's disease. DNA was extracted as previously described (5) . PCR mixes were prepared using a FastStart DNA Master SYBR Green kit (Roche, Mannheim, Germany) and following the manufacturer's instructions. PCR was performed in a LightCycler thermocycler (Roche). All PCR products were sequenced as previously described (9) . We compared the sensitivity levels of regular-and repeat-PCR assays on DNA extracted from 10-fold dilutions of a suspension of 10 6 T. whipplei strain Marseille-Twist (ATCC VR-1528) bacteria. We also estimated the in vitro specificity of our primers by applying them to the control group and to DNA extracted from 40 bacterial strains (Table 2) . Statistical analyses were performed using chi-square tests.
All PCR results are summarized in Table 1 . In comparisons of the detection capacities of the two assays, we were able to detect 1 DNA copy of standard control DNA when our repeat PCR was used and only 10 copies when our regular PCR was used. When clinical samples were tested, our repeat PCR (54 [55%] positive results among the 98 samples from patients with Whipple's disease) was significantly (P ϭ 0.02) more sensitive than regular PCR (33 [33.6%] positive results out of 98). Sequences obtained from all PCR products were 100% homologous to T. whipplei. When the results were analyzed for each specimen, repeat PCR applied to saliva was significantly (P ϭ 0.015) more sensitive than regular PCR. The 10 patients whose results were positive when repeat PCR was used but negative when regular PCR was used had not been treated previously. For presumably sterile specimens, repeat PCR was also significantly (P ϭ 0.045) more sensitive than regular PCR. Among the 11 patients whose results were positive only when repeat PCR was used, samples had been obtained at the time of diagnosis from 2 untreated patients and from 9 patients treated for less than 3 weeks. For duodenal biopsy specimens, the difference in the results of the two PCR assays was not significant (P ϭ 0.78). The only duodenal specimen amplified by repeat PCR and not by regular PCR was obtained from a patient who had not been among those treated at the time of sampling. The repeat PCR failed to amplify any product from the control group or the collection of bacteria, thus confirming the BLAST search results. PCR tests have been introduced to complement pathological analyses for the diagnosis of Whipple's disease (8) , but the initial choice of primers was empirical (1, 4, 7, 10, 12, 14, 15, 18, 20, 21) . The recent development of bacterial genome sequencing has provided an important source of potential targets for PCR (16) . We speculated that targeting repeated sequences would increase the detection sensitivity of PCR. In addition, as more than 100 complete bacterial genomes are now available in databases, the specificity of targeted sequences may be evaluated before laboratory tests.
For the first time, a logical choice of DNA targets for PCR assays may be possible using genomic data. In this study, our repeat PCR was more sensitive than regular PCR in testing samples of patients with Whipple's disease. The level of sensitivity is still low at 51%, but it is important that most PCRnegative duodenal biopsies were obtained from patients treated for more than 1 year. Repeat PCR was more sensitive for saliva and presumably sterile specimens, especially in patients treated for less than 3 weeks. We hypothesize that in these cases, the number of T. whipplei bacteria present is very low; thus, DNA is only detected by a more sensitive tool. The PCR specificity for the diagnosis of Whipple's disease has been questioned due to the presence of false-positive results, but study results are discrepant (2, 6, 7, 11, 19) . Here, T. whipplei DNA was never amplified in our control group despite the fact that we had enhanced the sensitivity of our assay. Our new PCR approach for the diagnosis of Whipple's disease is promising. On the basis of our experience, we propose a rationalized strategy to choose DNA targets to perform PCR assays. First, the presence of repeated sequences must be investigated within the bacterial genome of interest. Second, the specificity of DNA targets must be evaluated by comparing the chosen sequences with all sequences available in GenBank. Third, the in vitro sensitivity must be verified with repeat PCR and regular PCR using DNA extracted from 10-fold dilutions of a suspension of the targeted bacterium. Fourth, the specificity must be confirmed using DNA extracted from a bank of bacteria. Then, the in vivo sensitivity and specificity must be verified on human samples. The next step will be to evaluate prospectively this new assay to confirm these good preliminary results. 
